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^"71 «lo>^ v^ofl #§*Kf *fl2 2)^^ 3fl ^7l *fll 5]^^ S^o] 

71 ^^TM^* JMh4JzJ-«H (partially etching) S^W. #7} *\}2 
£ 9 
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cf D >^l ?1#* A>-g-^]-<^ yjo^EH ^-s^ll. ^S}^ {Method of forming a via 
contact structure using a dual damascene technique} 

JE 1 lfl*l £ 4^r #2flSl tilo>^EM ^2:^1- ^^Kr a o V^# *3^}7l ^ 

£ 5 ifl^l £ 10^ ^ 4t wlo>s^ ^s^ll- ^*Kr w 0 >^# ^*>7l ^tr 

wV£^^7>^ ^^£ 7 > ^7>^1 4^, ^Hfl^i§(multi -layered metal 

interconnection lines)* 7l#<>l ^e) A]--g-slJi ^cf. m.i$) , ^7} t\^-$\ ^«H^1 

A oM til£^l^>^ -^(performance)* U^l^l ^ 7-] low 

resistivity) ^ ^l^Chigh reliability)* 3fe ^-^^5. ^5M<*) tr^f. 0 l&ltr 



30-4 



1020030014122 #3 2003/9/25 

$1tr 7l#S.A^ cfp>A] (damascene process H «> &i=t. 

^-g- ^71 Hl6>*^ Aj-7] ^J=L ^<^^^. in.#Al7l£^- *§^£] 

^71 «lo>^ ^ ^71 H^lfe ^-&|^ 2S)^ AlZ^- A>-g-^ 

°l&l^r cfu>Ai ^^g^- o]^ ^(dual damascene process)^ ^ #^£f . 

A d"7l o}^ cfp>Ai ^ °- ^1-^-^-^ ^16,268,283^^1 "°1^ cfpfA] ^.g. wj-^ 
(method for forming dual damascene structure)"5f^ ^ll^-AS. °<J- ( Huang )<^} ^l^fl 7fl^] ^ n\ 

5. 1 ^*1 £ 4xr #7} r-l^^l ^6,268,283^^1 7fl ^1 ^ 4°>^ *3£ -£*3*r7l 

fltr cf^^s-olcl-. 

£ l-§- %l-Ssr>^, ^Hfl^(202)^- £±= «]r£^l7l^: ^J-ofl ^1 ^<£b}-(204)^- ^W-. 
#7] $)1 ^^^"(204) ^1 ^zl- 71^1^(206), A}2 ^<£eV(208) ^ *}:EL v}^3.^m0)-%: *>3fl 
S ^^*rcf. ^7) o>^3.^-(210)^: ^sKKSiO), ^5l€- ^Sr^-(SiN) Stt ^ 

^-Aiq-olE^-ol=^-(Si0N)^-S ^*H=T. ^-71 <5fc ^3^.(210)^ 3^71^*}- 7l# 
(chemical vapor deposition technique)^- A}-g-sl-c*] ^ ^ ^b^. -#7l ^\^3.^-(210) 
*fll iSEfl^l^B 
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2fl^(212)# *g^nK #7l *Hl iMEll^liB sfl^(212)£: tfl<=>V** ^t}7] 7fl J T LJ j L » 

#71 II^liB 3fl^(212)# ^#*Rr #71 *fl2 ^°!5]-(208)^r ^#«*» 

( developer W £#£)*! SHr^-. ^ #7l S}JE. p>ia^-(210)^l 7l<ytr4. ^ 

-H, #71 *fl2 ^<a^r(208)ol #71 ^|l Mefl^l^H sfl^(212)* *§^*Hr ^^l^r 
^1* 9X^. 

21- ^S*}^, #71 afll ££e17|ae sflEi(212)^r ^ A>-g-^H #7] S> 

= n>ia^-(210), ^12 ^£^(208), ^ 21-^x1^(206) g afll ^<£^(204)* <3^3^5. #Zf 
*H #71 £1-^*11^(202)* i^M^ wW*(214)* ^#^cf. 

£ 3* #S^V^ ( #7l X)l ISEfl^iE 3^^(212)4 ^171^1=1-. 0 1<>H, #7l 5}£L d> 
^3. ^(210) #°fl 711^^(216)4 ^#tr<=r. #71 711^ ^-(216)^ #2r^> CVD ^-g- ^r-^r^ 

#71 #el-^n> CVD U J^*> ^>£i#(poor step coverage)* 

Ji°]cK ^1-71 7fl^(216)£r #71 Wlol-^(214)^ #-f <3^(216)th§- Sfetj-. 

JLS, #71 «lo>^(214)2l <5}Jf <^(220H1 ,aolc 7l . ^^nf. ^1 « ^(216) #ofl *fl2 
iSefl^l^e 2)1^(224)* ^tr^r. #7l A2 ^JLeflT^H 2fl€(224)£: #7l a} o}:&( 214)^1 
#^-» 7>5.xls^ 7H^^-1- #71 ^12 iJLefl^H ^^(224)4 ^#*Rr ^°J: #7l 

ol^f*(214)^l ^(222)^ *i#<2Hl 51*11 ^#3*1 ^cf. ol^ #71 7fl ^§^(216) SI ^*1H 
7l<y*rcl-. #71 wlo>^(2l4)sl ^ HSsl-^ol t^s}^ ^% ^ 

JE. 41- ^S^, #7l ^2 iS^xl^H 2fl€(224)-ir ^ d}a 3S a}-^}*} # 7 1 ?fl 
^^■(216), n>^3^-(210) ^ *j)2 ^^^"(208)* <2^3 #Zf*H #7l ^12 

(208) ^ofl H^]^l(226)l- ^#tr<=f. #7l H^^l(226)l- ^*Kr -§-<?>, #7l ^1 ^>>*(214)<H1 
Slsfl i-^^ # 7 l ^>«-«ll^(202)^r ^5L^n€ ^ 5W. °l^r #7l til of^U)^ <5>«- 
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(220)41 ^.olcofl 71^1^. ^^o Si # 7 j ^w. «fl^(202)^l S^^l 4)^: ^2^^ 

(severe etch damage W 7}^^ *r $X^. #7] ^ ^zJ-^-Shfr *}--¥- tifl ^(202) ^ ^ 

tf^fl^ ^l^Ccontact fail)* ^ 

<12> ^ ^-o] f^o} yl^o]] rrf5^ ) B3!*l» ^*Rr ^tf ^HflAjoj a ^ofl ^ 

^^^-oi 7]-*M ^ 5^. °H 4^, all-id 5j a o v«. y fl ^ avo]^ -si^^o] 

[^-rgo] Cl=-Jl7> ^ 71 4^1] 
<13> ^. ^o] o]=j77> Hr>^ 7)^ ^tifl^^ S^^ll 7}*H*]fe AlZ}-^Kg- ^^sj- 

*1^ 4 s 5Ufe «lo>^Hj ^^«o>^-§- ^1^}^ Oil ojcf. 

<w> ^ «^ol ols.ji7> ^ t}^ 7l#^ 4^1^ H^o] HS.2r^# 7fl^Alzj ^ oi^ a] 

<16> £ ^o] ^ o^Hfldl trfs^ ) ^- 7l ^ o. aVi^l^ ^Hl ^JftiflAj-g- tg^fe ^4 

^*f^ 53* S#tM=h ^"71 §>:EL ^ ^7l ^f^^^-a- <£4-qo_3_ sflEl^sH 

av 7 ] ^yfl^^. ^a}71^ alo>^ tg^t^. ^J-71 *}IEL n}^H^ ^-7} alof^-g- ^i) o. 
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<17> £ A o V 7l ^#^<g^* ^^^>7l *H ^-7] ^yfl^d^ £fe »V^z])7}$;2) £ 

^ #71 ^)]2 5)^^" Sfl^i^. ^|7H*V ifo\) # 7 | ^tiflAl-i- OH 

^-71 ^afl^i-i- i^#Al7l^ 3]^ a]o>^ ^-71 ^12 s]^°v sfli^Mr *fi7RV ^} ij^t}. 
<18> sl^nV ul s>= d}±3^ <#7l SH^" ^1 ^ ^ ^ ^ Mefl^H 

4i3£ ^"§-*H 3flE^^ ^ $lrf. o] ^-fofl, #7l B€*1tt ^71 

^51 ^Cf. ^-^1^ #7] 5)^°}^- ^7} #6fl iSSll^^S SflHH-i- 

D }i3S sflE-I^SlJl, ^7] *}ZL nf^H^-^r #7] SSefl^AE sfli^ ^7^ 

<20> ^-71 ^P>iH^ ^"71 ^MK^^ ^ Aj-7] 5] s$ nVcHl tfl*H ^ ^ ^ «1 1" ^V- 

<21> o]ofl C^H, i£tg£. ^-71 ^2 Sl^nl- BflEH^ ^7^ ^ofl #7] ^Lyfl^o. ^ 
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Sl^7]%^\ #4| <g>$*Hr 34 #71 #Jf ^^-fr Jg^SM^fe %-$r S. 

^-W. #71 *>=D>i:3^-ol ^-fofl, #7l 5}£4i3 3fl€^r #7l ^ & 

2)- ^ S^r #71 ^^S}- ^ ^<H1 ^71 ^Cf. 

SlCf. J^lSj, ^71^^ i7f|Sl^ ^AHl-i-^- 7 flX|£ ifl-g-Ol ^7^>i *r 
ZLSli ^7H7« £ AHVol ^«§1 ^Tg-^ - ol^S o^fl ^ll^Sl^xl^ %o)t\. 

. s.^^ sa<H>H , % ^ ^Mlfe *3*Hj^- 7l<5}7l 4#£H^ ^14. Htr, 

3^ *8#€ ^ SiTlM- n# a>ohi ^30} &o] 7fl7M ^je 5*4. 

<23> £ 5 ifl*l IE 10^ -g- ^AHHl tilo>3.EH ^^flo} ^^«o V ^* 'S 

<24> £ 51- ^£^71^(1) #6fl ^7i^<a^(3)* ^#tbcf. Aj. 7 | f^^O) 

HH *#^1 cfn>A] 71^ A}-g-*>a} ^HflAi( 5 )# <g^^. #7l ^tifl^( 5 )^ gc 
^ ^^^1^-4 ^ ^ #71 *>^-tifl^( 5 )^. ^ 

A <H1 ^r^TM^CU) ^ ^=^3.^(15)^- ^>3flS. ^#W. #7l ^#?>^^^(14)^: 

«V£^l4i7>sl ^=#^7171 ifl«H ^-fr^Wa single low-k dielectric 

layer *§#*Hir 3°1 w>^*>cf. #7l ^ ^-fr^l^ SE^r 

^« tfrr^r^- ^r^, °fl?itj] SiOC^, SiOCH^I, t-f-i^ #5^(FSQ layer; 

fluoro-silses-quioxane layer), t 11 ^ -i+Sr^KHSQ layer; hydro-si lses-quioxane 
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layer) olH tHr^l #3^(103 layer; methyl-si lses-quioxane layer)^-S. ^#lh ^ 9X 

A. 

#7l ^Mt^^CM)^ *}Jf ^rf^^O), B31*l ^z^l^ 
(11) 3l #-^ ^-^#^^^^(13)-!- «g>£^ oic}. c] 3 -fed, #7] S> 

^ ^rf^S^O) 3l #^ ^-^^4^(13)^ ##tt *1-fr£*fleKthe aforementioned 
low-k dielectric layer)^.S. ^^r^ ^}^r^^}JL, #7l H31*l ^^M^l sj-(ll) ^ #7l 

*)■-¥- ^r^HiSi«K9) 31 #7} #^ tttt^W^W tfls}a} ^zHd^«l» £Hr *i<a^ 

(SiN) , ^^KKSiCN), ^n|.(siC) SL^ -f-i^2j-HV (BN) ^ oj^ 

°H #71 ^#^^^(14)^: ^^^>7l *H1 ^7] ^tifl^(5)^r ^ «Ji 

^7l^ Al^^)n|-(7)^- ^ 7 >5. *§#^ A o l- 7 ] tijoj- Al^^^-( 7 ) 

£r #71 ^-##^^^^-(14) iE^r #71 o-fJf ^-^^?i^<g^(9)oll cfl^H Al^BHyl^- 
7 ^ D 4AS ^#*Kr W}^^>cf. c4]S- S.^ HlO> Alz^^nj-^o. ^sl^- ^Js^ 

(SiN), ^^^-^(SiCN), ^e]^ ^^(SiC) gc- -§-^^§}-^(bn)^S. ^ 9XA. 

5Etr, #7l ^ ^H n -|(15)^- #71 ^-(14 HI cfl^ ^z^eh^^- ^ 

iE^r SL^^S *|#*Kr wH^^t}. ojll- l-ig, ^-7] s>= o^a^C 15)£- ^ 

USr^ insulating nitride layer), ^SKK insulating carbide layer), *l 

^•^-(metal nitride layer), #5j-^(metal oxide layer) ^ aj^^o. S ^ & 

t}. ^13-° 3., #7l £<£j$ ^Sj-^hfr ^el^- ^sl-sV(SiN), ^sl^- ^^(SiCN) -g-i 
^5f^-(BN)^.S. *g^ r Jl, #71 ^<S# ^5r^ ^^-(SiC)^-S. ^tr*}. 5E*r, # 

7l ^ ^S^f-gr EfolBl-%- ^^^1 ^Sj-^ £ ^ ^s^O.^. 
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<8^*Val, #7l ^4=- A>^^ ^O]^- AV^-^(A1 2 0 3 ) ( 4>3j.^ Sir B}ol^ A>5j.n^ 

<28> # 7 1 3T}JEL n>^3^(15) #°fl *fll iS^l^H ^€(17)^8: ^W". #7l »H i£ell 

*l^s ^€(17)^- ^ d}a 3S *H*-«M # 7 i ^=u>^an]-(i5) ^ ^-^#^^<a^-(i4)# 

<£^3 0.3. #7l ^afl^l(7) #S] #7l wl^> ai^^]^(7)# ^#A]7l^ alo> 

#(19)^ l^tr^r. #7l wW <i=i^^^(7)# ^^ol ^o^, # 7 1 

Hfl-9(7)-§- ^#A]7l^ wlo>^o] ^^^cf. 
< 29 > £ 6# ^-S^, -#71 ^11 iSsfl^iH sfl^(17)^r ^Tl^cf. #7l afll SSi^l^H 

3flli(17)ol ^7^ ti>£^7l^ #ofl S]AJ^(21)^- #71 3H^(21)£: 

^<?§ ^"(inorganic material layer) 5£-b -fM %<%*t ^ &t}. #7l 5)^^(21)^- 

#7l ^-##?i^^^-(14) ^ #71 s>= ^3.^(15)^1 tfl^o} AA ^^Hd^l ^ *H 

l« till- ^ ^o^o.^. ^^trcf. ^1^-^-S., #71 ^-7} ^ 3.^ # 

^■fi: *>-§-*H HSQ(hydro-silses-quioxane)^S ^^«rfe aV^^t}. rcj-E)-, #7l 

^l a l «l d r*(19)£r #71 s\ ^^-(21)6.5. ^51*1 *1| *1 al , #7l 3|^(21)£r *8*8tr #Jf^ 
(flat top surface)-!: 7>*1 ^ 

<30> d Lfo} 7 M, #71 ^^^"(21) #«11 ^V^l^(23)-i- #7l ti>A>^^ 

5f(23) #«*fl #71 Hlo>#(19)Sl #-?-# 7^7)5^ Ej-O] ^Eflo] E^l^ 7fl^^(25a)# ^TT 

^12 lEEll^iB ^€(25)* ^^tr^f. 
<3i> £ 7a« %^*>^1, #71 tH]2 5E.£ell*l^B sfl^(25)^- ^4 A}-g-*> 
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^ #71 $*HJ-*|BK23) ^ #71 5^^(21)^- 9j^JLiS. ^^HM #71 ^12 SSefl^B ^ 
Id (25) *fll z\*8 ^ 3zfl^(21a) 5? ^HM^ 3fl€(23a)^r ^^^4 ^-a] 

<H1 #71 Hlo>€-(i9) iflofl ^2 *fl€(21b)-g: ^^tbcf. 

°1 ^ ^2], £ 7b°11 £*1€ «>4 ^o] # 7 } *\) 2 sflBi(25)-i- ^3- n>^a 

S *}-g-*H #7} ^>^1^(23), #71 s\^(21) £ #71 §>=u>iH^(15)^r 
#Z}-^- ^s. ^cf. ZL ^4, #71 *fll 341 € (21a), #71 3fl^(23a) $ #7l 

^12 5|^^ 2fl^(21b)^l #71 *lll 31 ^ 3xflB}(21a) S};E=.n}^H ^€(15a)<»l ^ 

#€^. 

£ 8-t- t^, £ 7a 31fe £ 7b°fl iL<^ ^12 I£elM]iS 3H^(25)-g- ^TlfVcf. 
>ll^r*IM, S 7a<HH w}^ ^°1 #71 2112 S5L5ll*l>iB sfl^l(25)^- v}+3.£. ^>-§- 

*H #71 ^>«oM^ v (23) ^ 51^^(21)^ ^^HRr #71 Sl^ ^l^(21a)-8- ^ 

A ^>-g-*H #7l 5}ED}ia n -|(15)l: ^z^H -£ 7b<=»fl £*1^ #7l *>=n>^a. sfl 

ld(15a)-fr ^#flc}-. °1°H, #7l s^p^a 2fl^i(15a)* ^4 v\^3LS. ^\&f>\°\ # 7 ] e^I 
*1 "^^-7-1^^(11)01 i^Sj nfl^l #71 #^- ^-^#^^^S|-(14)^- ^^4. ZL ^ > #71 
#Jf ^-^#^-^^^-(14) iflofl #71 wlo>^(i9)^ #h_^- 71-^^1 ^fe- B^l^l(27)7l- ^^^cf. 
°1 ^-t-°11, #7l o1a>hJ-^1 2flii(23a)^r #7l *)12 3££ell7l^E 3fl^(25)* *fl7l<5Hr ^-°> a 
^ #71 H 31*1(27)1- ^#*Rr ^7M ^ ^Ji, #71 S[*m 3fl€(21a)£- #7l B31*l 

(27)^- ^^Kr ^l7l€ ^ 9X^. 

^ , S. 7b°lH h>21- ^-ol # 7 ] ^2 ££2fl^iH 3fl^(25)^- ^ A> 

-g-*}^ #71 ^^1^.(23), 5] ^(21) ^ ^>^>i3^-(15)* <3^3°_^- ^^V^ ^-°-ofl 
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fe, #7l s[EP}ia 341^ (15a)* ^^*>7l flt* Ai^^(an addtional etching 
process)°l -fi^^M ^^r. 

#7l #^#^^^^(14)0] £ 5°lH o}^-£ «><4 ^-ol #7l ^ *§# 
sl^ #71 H3!*l(27)fe #71 #^#^^^^(14)^ -^£-^1 ^(partially etching)^ 

S.^ ^#^4. 4*1 #71 B^l^](27)fe #71 ^-##^^^(14)2] ^ac} ^ a 

°1* 5>5L^ ^€4. 

£ 7b Hi^r £ 8*11 #71 *}£o}ia sflHUSa)* ^#*>7l fl^ ^z^^ 

it 71^-o.S. ^ 7>i( chlorine-based gas) 71-g.o.S. *>fe 7>^ 

(fluorine-based gas)# *r-§-*}°} ^^1*>^ ^©1 w>^s->cf. ^-^^ #7l s->:e.p1-^3.^- 

(15)^1 EHeJ-^ ^3^, Bj^^] ^5)-nV ( <£s. D ] - ^ ^^0_S, 

<8^3ir #71 7}iS^ ^(Cl 2 ) S^r ^2j-^i(BCl 3 )^ ^ 7ia 7 }if 

A]~g-£}c*| #a1s}^ 7A°] «}^"^^>cf. #71 S}£4i3 D 4( 15H #3€- ^si€- 

^gi^, #el^ ^sl-ev JE^r -g-^^sj-nvo.^ ^AjS]^ ^-fofl, #71 ^z}- 7}iSfe CF 4 7>^ 
, CH 2 F 2 7>i CHF 3 7>i^- 7|^7}it Af-g-^o^ ^A^Kr ?M H^aJ ^uf . 

£ 91- %^*>^ , #71 6flul «lo>*(19) iflo} #71 *Q2 5l^^ Jfl^(21b)* ^d^^^-S. 
#71 Hlo> ^^^1^(7)51 ^<3<*-g- iL^Al^Cl-. #71 >H2 5)^^" SflB}(21b)£: £ 
#* *r-§-*Rr #*1 3L±z te)-sa}t A>-§-*>^ £# AlZ|^^<H] o^fl 711 71 ^ t 

Sa^r. °H-H , #71 ^#^1 alo> ^1^(7)* #71 *>^-WflAi(5)* ii#Al7l^ 3) 

# «l°r*(19a)-g- ^#W. #71 h=.^ qzt*\ *1^(7)* ^zWfe #7l H€*l 

(27)^1 Sl*fl 2r.#^ #7l H^^l ^4^^1^.(11) ^Al ^Zj-^ ^ o^Cf. 
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cg« o. ^. 7 | ^ 2 4€(21b)# ii#€cf. 

<39> £ 10# , #7} t>Wl-(19a)l- £f-*Rr ^£^171^ ^ ^o\] ^ -g- 

^SJ-^H ^-7} ^^1^1(27) ^ aj^ aM#(19a) ^ofl aJ-*l ^afl^( 3 2)* #7) 
W7]^l^ <£n> A>-g-^ AJa^ ^ ojtj.. ^Jl^ #7l #Jf ^ 

tifl^(32)£r ^KHh^ ^(29) ^ #4=^ 2fl^( 3 i)o. S ^^cf. = 

*3 iEE^r ^"71 ^Bj-g}- ^ ^ofl ^7H^Cf. ZL^U)-, #7l ^>=cl-ia. 2fl^(15a)ol ^ 

<40> aJ-^ ^-o) m^o} ^Al^o]] rcfe^, S 31*11- ^*Rr ^-91 #7] *}o}*- vfl 

^1 A]2 Sl^ SflElol c^^^l ^^tj-. o)c]] Aj-7) ^JfaflAjofl 7>sfl7.1^ ^Z^Aj-g. 2) 
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11 

^•71 *}EL v} + 3.n ^Hl ^-71 til *j| -<jLi=. S^u^g. ^^r^, 

^•7i m si^nv ^oj) ^=p>^3 ^*kh, 

(partially etching) H 31*1-1- ^^Jl, 
2] 

1 &°H, 

of Ai^^l^-( v i a etch stop layer)* 33* 5E. tr*>s) , #7] v]o} q^x]^ 
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^71 *112 sfl^-i: aflTlSr ^ofl ±\?mo] ^7} ^ s] ^ wlo}^ *g 

3] 

^-(insulating nitride layer) ^Sr^C insulat ing carbide layer)°-5. ^^Vfe- 

[^t 1 * 4] 

3 5^*1, 

A o v 7] ^<3^ ^5}-^-^ ^S)-^(SiN), ^aWSiCN) EE^ ^Sj-^- 

(boron nitride layer; BN)-°3. H^al, <#7] ftS}-^ -ge|€- ^Sr^CSiC) ^ 

5] 

^ 1 %H1 5H°H, 

^f^^^ ^^"(a single insulation layer ^^^s), #7] H 

6] 
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[^^J- 7] 
^ 6 

^ ^SKK insulating nitride layer) SE-c- Hr3^( insulat ing carbide layer ^ 

^*Rr ^ «1o>^bm ^^Wj-l^. 

8] 

^ 7 ^Hl ^^Ai, 

AV 7 ] ;go^ ^sj-nv^ ^^s. ^5j-^(SiN), ^5r^(SiCN) SEfe ^s}-^ 

(BN)^-S ^^r^, ^"71 ^<£^ ^el^ ^^(SiC)-°S ^*Kr 3* mtSLS. 

9] 

^ ^5}-^, ^ ^2K\ ^ ^s}-^ SE^r ^^Hir ^ 
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10] 

*fl 9 * 0 H1 

#71 *3<3^ ^S)-^ ^^(SiN), ^Sr^CSiCN) -f-i ^s}-^ 

(BN)il5L ^^Jl, #7] ^<3^ ^^-(SiO^-S ^^r^, #7) 

^ ^tl" EHE}-^ ^^^JI, #71 ^ #2)-^ ° S V ^°1^ 

11] 

^ l %H1 5&<H>H, 

#7l 5)^^ *t-7) #^^-( inorganic material layer) ^S r fe ^-8r ^-£-5. f>\ 
12] 

*f| 11 %H1 sa<H*l, 

#7l ^-71 #^bv^- 5V% *r-§-*H HSQ^-(hydro-silses-quioxane)-2.S 

53* ^ wW^-bh ^*)] 

13] 

*fl l %H1 5a«H>H, 

#7l sl^sv #7l ef-^ ^fl^* 2flel^l-7l *H #71 S]^^- tiU}^*] ^ 

*8^*r^ 53* Cl i^SrSq, #7) ti>A>« 0 M ^ ^- 7 j j^n}- ^ ^- 7 1 s>= n^H^r ^1 *fl 
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14] 

#7l 3)^°}- ^Hl #7l «1<^>*^ ^# 7>S^1=^ 7fl^« ££e^liE BflBi^. 



^-71 iSeflxl^e sfl^^ AlZ| n}A 3S A}-g-«H # 7 ] 5] A§ ol- o_ ^ W # 7 ] «] 0} 

*^ 7}S^|2r 7fl^^-» *fll S]^^ 3^ £ #7l ti]o>^ iflofl #^f>\^ ^2 S\ 

A o V 7l *fll S)^^ HflEi^- ^Z}- A}-§-S>a| # 7 ] DfA a nV|. X\ z^|.i=. 

15] 

*fl 1 5^1, 

#71 #ofl #71 alo>#^ #^f# 7>^^1 7fl^# 

#7l iSeflxl^H afl^^- ^z}- >M-8-«M #71 sl^^ v ^ #71 4i3 D 4 

# ^^^0.5. ±\^f>\<^ #71 U]o>^^ #«. 4 7>3.*l=*r 7fl^-*f!- g±r m 3^ sflB} ^ 

#7] alo>^ ^ofl *fl2 4^0. #71 ^1 ^ ^ofl 
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[^Ih 161 

*)1 l 5a°H, 

#7l ^12 5)^^- sim-i- *fl7it!: ^1, 

# ^^Hr ^ 3E^-*VS), ^7l = nj-^a. ^fl^o] £*}n}- SE^ tiV£*fl S|- 

3-f°fl, ^"71 oj-^a ^V 7 ] ^ ^-°V g:^ ^.7] ^ ^Lofl ^715] 

17] 

*)] 16 %H1 $a<>H, 

^71 ^ 5KV^ln> ^^nvo. ^^71^ ^ *Rr ^J^r ^ JliiL 

18] 

^71 sHjLyfl^ al£^7l^ ^ #°fl «1^> ^^^m-, ^f-f- ^rf^S^, 
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#7l z:\IL p^H^, #7l ^ ^rf-?!^^, #7l H«*l ^ #7l 

^f^^* £^3-2-3. #7l SHMfl-id #3 #7} AlZ]-^^nV^. ^ #A j 

?1^ oflwl «lo>^ ^^^Jl, 

#7l ^ #<*fl #7l oflH] ti]c>^ ^fl-o^ 5] ^ °|-g; ^^*>J1, 

^•71 ^ #71 <5 r £L n>^a.o|^. ^B^SH #7l «1 o>^^ 7 r S*l = 

^Hl #71 *fll 3flBi^ sPjLofl 3fl € ^3#^jl f 

#71 <5 r = ofA 3 sfl^ ^ #7l H«*1 ^z^l^-fr zj-zj- ^z]- u>^ 3 * ^z^*]^ 
a>-8-*H ^-71 Aj-w. ^f/^^^evo. (partially etching) H 31*11- ^#*>ul, 

#71 *fl2 4 €-8: *ll7i*r^ #7l hW ^ *1 ^ -g- ^#A]7lJl ( 

#71 Wlo> Alzl-^^1^ #71 SHM^* ^#*l?lfe 2^ <g 

13 t 1 * 19] 

*fl 18 %H1 5a°H, 

#71 *)o\ -^Zf 7-1^^ ^71 ^ ^r^^S^M tfl*M ^^^ y l# ^ ^<£^ 
lls^ insulating nitride layer) ^<3^ IrS^C insulat ing carbide layer) .£-3. *g^*} 

20] 

*A 19 %hi sa^-H. 
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#7l ^S^CSiN), ^^(SiCN) 

(boron nitride layer; BN)^.S. ^*Kn, #7l ^<£^ ^3€- <&3^(SiC) £.5. ^ 

[^t 1 * 21] 

>fl 20 %H1 

^ ^SKK insulating nitride layer) I&fe- ^<d^ ^sj-^K insulat ing carbide layer)-°S ^ 
22] 

A 21 %H1 fl©}*!, 

<$7] ?i<$^ ^Sr^(SiN), ^SWSiCN) SE^r -g-db ^s}-^ 

23] 

18 %H1 5fl<>H, 

» ^ ^5r^f, l^Sr^-, ^ *J3^, ^ iE^r ^el^nvo.^ 

[^T 1 ^ 24] 

^i 23 
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^. 7 ) ;g<£^ ^s}-^ ^-g. ^^(SiN), ^^(SiCN) S^r -g-i ^s}-^ 

(BN)^-S. ^*}JL, #7l ^s]€- ^^(SiC)O-S. *8#*1-J1 ( #7l =-4? 

^•5j-^-(Al 2 0 3 ) ( 5E^r Hfol^ AVsj-^-o.^ ^^*>JL, #7l 4^ 

25] 

4 18 %H1 Xi^^i, 

#7l Sl^BV ^ #7l S>J= nfiH^ SflE^*>7] *H #7l sJ^Sj- #ofl tiVA>Wj-^ ^ 

26] 

*ll 18 5^*1, 

#71 ^ #71 p>^ a ^* ^B^^ 

#71 S^Sf #<>fl #71 tijol-^^ Aj-tL^. 7 >5.^S^ 7fl ^-Jf-M. IE5|7lAE sflHjG. 

#7l £S5^1iE aflEj^g- AlZ^ ^A 3S AV-g-sr]-^ ^-7] 5l^^* #7l 
*^1 #«-# 7>^ls^ 7fl^~I- ^ 3fl^ ^ #71 «1 o>^ iflofl #^Rr *fl2 3 
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27] 

XI 18 5a°H, 

#7l S|A5^ g #7) 5}£L 5(1 ^ 

#7l 5]^5V #ofl #7l ^M^$] #Jfl- 7>S.^S^ 7 fl^-* ^ nflEl^- 
#7) ulo>^ vflofl *fl2 Sl^^- n^-ir ^^^4 #^H1 #7] XI 1 *HM 

[$^- 28] 

XI 18 %H1 

#71 Hi *o]i > 

#71 SfjEL #ofl #71 2^ Hlo># ^ #71 B31*l«- Xl-f^r ^^r^ 
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•a- ^*Hr 31- 3 p}ia *D€°1 h^^ 1 - iEfe te^l^-^-S. 

29] 

^1 28 Sl<H>H , 
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